
































































lnterpretational Considerations 
It is evident from the chemical and statistical analyses 

that there is some degree of variability in well water compo­
sition across the survey area. However, the significance of 
the variability is difficult to assess because so many fac­
tors, both those taken into account and those that could not 
be evaluated, have an important effect on water chemistry. 
The interpretation of the data for geologic information and 
mineral potential purposes, therefore, depends to a large 
degree on the determination of what factors actually control 
the composition of the water. 

Each water sample was assigned to a specific group of 
rock lithologies and to a specific drift type. Statistical analy­
ses were then performed, and it was determined that there 
was some difference in water composition between the dif­
ferent rock groups and drift types. But it was not conclu­
sively determined how much relative influence the bedrock 
composition and the drift composition had in controlling wa­
ter chemistry. For example, it was determined that water 
from the Rabbit Lake/Thomson Formation and from the Su­
perior lobe (which are spatially coincident) had relatively 
high Cu and S04 contents. However, it is very difficult to as­
sess how much effect rock type and drift type actually had 
on the high Cu and S04 content; in all likelihood both vari­
ables had some influence on water chemistry. 

The assignment of each water well-to a bedrock or drift 
subdivision entails some uncertainty in itself. The bedrock 
subdivisions are not homogenous; each contains several 
related, but chemically different lithologies, so individual 
wells within each subdivision may not penetrate the exact 
same rock type. The glacial drift subdivisions were based 
only on surficial geology. In places where drift from the dif­
ferent ice lobes overlap, the drift at the surface may be very 
different from that at the depth from where the water is actu­
ally produced. 

The mobilization, transport and deposition of the trace el­
ements involves variable and complex chemical processes 
(Levinson, 1980). The element concentrations observed in 
the water samples are a result of Eh, pH, complexing and 
other chemical factors that were not able to be controlled 
during the sampling. Variations in these factors can affect 
the availability of metals at their source and the mobility of 
metals during transport, and thus the elemental concentra­
tions in the water collected. The degree of interaction of 
groundwater with bedrock is also quite variable and uncer­
tain across the survey area. Some aquifers have little con­
tact with bedrock and thus, water from these aquifers may 
not be good indicators of bedrock geology. The presence of 
clay layers may also influence water chemistry. Not only do 
these layers act as impermeable barriers to water flow re­
ducing interaction between aquifers, but they may also sig­
nificantly alter water chemistry by adsorbing elements into 
their structure. 

In general, it was determined that plumbing composition 
had little affect on water chemistry. However, for individual 
wells this may not be the case. Water composition may be 
influenced by the amount of material precipitated within the 
pipe, the frequency of well use, the volume of water flow, 
the type of soldering present, the age of the plumbing, and 
a number of other related factors. For example, one well 
containing a galvanized sand point less than a month old 
was resampled three months later, and it was noticed that 
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the Zn content of the water decreased from 1 .55 ppm to 
1.03 ppm over that three months. 

The chemistry of each major bedrock subdivision pro­
duces its own background levels in the groundwater and 
should be considered during interpretation. It is possible 
that lower concentration anomalies over a lower back­
ground may be as, or more, significant than high concen­
tration anomalies over a high background. Anomaly to 
background contrast should be considered. 

The scope of this project entailed that sampling be per­
formed over a rather large surficial area encompassing a 
large number of different rock units. Consequently, a rela­
tively small number of samples per rock type were used in 
the statistical analyses. Values below the detection limit 
and extraordinarily high values may carry an inordinate de­
gree of influence on the calculated results. The actual nu­
merical results of the analyses may not be statistically 
exact, and therefore should be used as only a general indi­
cation of the relationships present. 

Despite the fact that there are a large number of vari­
ables involved in the well water survey, an analysis of the 
data indicates some consistancy to the process. If the oper­
ative processes were random or inconsistant, the element 
concentrations of the water would not reflect those of 
bedrock (Table 2) and bedrock elemental association 
would not be reflected in the water (Table 3) to any signifi­
cant degree. 

Discussion 
Symbol maps using symbols designed and used by the 

Geological Survey of Canada were constructed to depict 
the concentrations of As, Cu, Ni, Fe, S04, Zn, Mg, Ca, Na 
and alkalinity, and are shown on Plates 2-11 (in pocket in­
side back cover). The symbols represent ranges of con­
centrations that were determined by ranges of percentiles 
of the cumulative frequency distribution and by increments 
of ppm or ppb for each element. The ranges of percentiles 
selected for some elements are approximate because ac­
tual concentrations of the elements in ppm or ppb doesn't 
necessarily coincide with ten percent or 20 percent ranges. 
{The 2-3 ppb interval for As, for example, correlates with 
the 27 to 47 percent frequency range.) In addition, for ele­
ments that have many points below the detection limit, a 
skewed percentile range is used, with all below detection 
limit values (up to 45 cumulative percent for Cu and Ni) in­
cluded within the lowest concentration range. At high con­
centrations, the ranges are reduced to illustrate the 
distribution of the most anomalous samples (i.e. percent­
ages of 90-95%, 95-97.5% and 97.5-100%). As is evident 
from the plates, there are several areas with anomalous 
values for many of the major elements. However, most of 
the trace elements (As, Cu, Ni and Zn) showed relatively 
consistent background values across the survey area. 
High values were found in areas underlain by the Glen 
Township Formation for Ca, Mg and alkalinity near Thor in 
Aitkin County and for Na along the northeast shore of Mille 
Lacs Lake. High Ca content from areas overlying volcanic 
rocks near Borden Lake in Crow Wing County and high Fe 
content in the water from the iron formation area north of 
Brainerd in Crow Wing County were also observed. Plate 
12 illustrates samples where two or more elements exceed 
90 percent cumulative frequency. Two general areas with 



several multi-element anomalies are present in the survey 
area. The first is located near Thor in Aitkin County and the 
second is located in central and southern portions of the 
Thomson Formation in Carlton County. In both cases, the 
majority of anomalous elements are the major elements 
such as Ca, Mg, S04 and alka-linity. The element concen­
trations for any sample can be determined by first locating 
the sample site and sample number on Plate 1 and refer­
ring to the appendix where concentrations are listed. 

Summary and Conclusions 
A reconnaissance scale geochemical survey that in­

volved the collection and analysis of groundwater samples 
from 226 domestic wells was conducted over an area of 
2160 sq. mi. in central Minnesota. The water samples were 
analyzed for Ag, As, Au, Cu, Ni, Pb, Fe, Zn, Ca, Mg, Na and 
K by atomic absorption techniques. Measurements of alka­
linity, pH, S04 content and specific conductance were also 
made, either in the field or in the lab. 

Statistical analyses were performed on the water well 
data in an attempt to identify relationships between ele­
mental concentrations and other parameters that could be 
useful as indicators of favorable geologic units and possi­
ble economic mineralization. The effect of bedrock lithol­
ogy, drift composition, bedrock penetration, plumbing 
composition and well depth on water chemistry was investi­
gated. The analysis indicated that there are differences in 
the concentration of several elements between rock types. 
The relatively high Cu and S04 content in the Rabbit Lake/ 
Thomson Formation is in good agreement with known sul­
fide mineralization in that area. Higher Ca and Na values in 
the feldspar-rich Archean gneisses and granites and 
higher Fe content in the Mahnomen/Denham Formation 
(which is located near the Trommald iron formation and 
contains some associated mafic volcanics) are also geo­
logically consistent. The effect of drift type is less conclu­
sive; any differences in water chemistry between the 
different drift types is only slight, and aren't always consis­
tent with the composition of the drift. Water from the car­
bonate-rich Des Moines lobe, for example, had a slightly 
lesser Ca content than the other drift types. The analysis 
also showed that in this survey pipe composition and 
whether the well penetrated bedrock or not had little effect 
on water composition. There was some correlation, on the 
other hand, between well depth and elemental concentra­
tions. Cu content was found to be significantly higher in 
shallow wells than in deep wells. 

Correlation coefficients were calculated for the total data 
set, each bedrock subdivision and each drift type subdivi­
sion. In all cases Ca, Mg, alkalinity and specific conduc­
tance showed moderate to strong positive correlation, and 
is particularly high in the carbonate-rich Des Moines lobe 
drift. Other parameter pairs, most notably Cu and pH, show 
weak relations in some of the rock and drift subdivisions. 

Two areas of multi-element anomalies, consisting of 
mainly the major elements, were indicated by this survey, 
one occurring in the Glen Township Formation near Thor in 
Aitkin County and the other in central and southern portions 
of the Thomson Formation in Carlton County. 

This survey indicates that there may be some potential in 
using a reconnaissance scale well water sampling pro­
gram for mineral potential evaluation. However, in geologi-

28 

cally complex areas such as central Minnesota, a greater 
sampling density should be used to ensure adequate cov­
erage of all the different rock types. Seasonal or other time­
related variations in water chemistry determined by 
periodic sampling of individual control wells should also be 
considered. Several elements not included in this investi­
gation, particularly Sb, F and Mn (Boyle, 1974) could be 
useful as indicator elements and should be included in sub­
sequent surveys. And finally, since gold and silver occur in 
natural waters in minute amounts not detectable by ordi­
nary analytical techniques, solvent extraction techniques 
similar to that recently developed by McHugh (1984) could 
be used in the direct analysis of well water for gold and sil­
ver content. 
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l 
2 
3 
5 
6 
8 
g 

10 
11 
13 
1-l 
15 
17 
20 
21 
2J 
~4 

.25 
2b 
27 
30 
31 
32 
34 
36 
37 
38 
40 
41 
42 
44 
45 
47 
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49 
50 
51 
52 
53 
54 
57 
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59 
60 
61 
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b3 
65 
67 
68 
71 
72 
73 
74 
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TWP. 
1/4 ROCK TILL DEPTH As Cu Ni Pb Fe 504 Ca Mg No K Zn CONO. ALK. JEMP. 

RGE. SEC. SEC. TYPE TYPE FT. ppb ppb ppb p_Db ppm porn ppm ppm ppm ppm ppm pH ctim71 mg/I C 
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44.00 25.00 32 CBA 
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44.00 25.00 l DDCC 
46. 00 26. 00 34 DAB 
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44. 00 25. 00 16 1ADD 
44. 00 . 24. 00 29 AAO 
44. 00 23. 00 17 ·DDD 
46. 00 26. 00 14 'ADA 
46.00 25.00 6 -ODD 

AG D 
AG S 
AG S 
ML S 
ML · S 
HL . D 
G D 
G D 
G D 
G D 
G D 
G D 
G D 
ML D 
G D 
G D 
AG D 
ML D 
G D 
G D 
ML S 
AG S 
AG D 
ML D 
l'IL D 

46.00 25.00 
45.00 26.00 
46.00 28.00 
46.00 28.00 
46.00 27.00 
44.00 28.00 
44.00 28.00 
44.00 28.00 

11 .cce G D 
D 
D 
D 
D 
s 
s 
s 
s 
s 
s 
s 
D 
R 
R 
s 
s 
s 
s 
R 

24 'l)DO G 
14 'CAB RL 
24 ·CAD I 
30 ·BCA HA 

3. DCCCA HV 
9. ·BADBD HV 
3. CCCDA HV 

44.00 28.00 4. ~AACC ML 
45. 00 28. 00 31 ·DABBA HA 
45. 00 29. QO 25 BCDAD I 
45.00 28.00 7 ·CAABC RL 
46. 00 28. 00 32 1ACDCA I 
45. 00 29. 00 9 1DDCCB I 
45.00 29.00 8 1CACCO MA 
43.00 27.00 18 1DCBBA ML 
43.00 28.00 13 1BDCDB AG 
43.00 28.00 13 1BDCDC AG 
44.00 28.00 30 1DCDCB HV 
44.00 29.00 24 'BDCAD MV 
44.00 29.00 
44.00 30.00 
45.00 
45.00 

30.0U 
30.00 

45.00 30.00 
134.00 28.00 
135.00 28.00 
135.00 28.00 
135.00 28.00 

22 1CCDCA ML R 
24 1AAACA I S 
25 il3CBCC RL R 
10 1ADCCC HA D 

8 1BCCHD ML R 
1 ICBCDC RL R 

24 IAAACD I R 
35, IBBBCC I R 
29 IDDCBA RL ' R 

90 9.00 .1 
111 7.00 1.00 
100 5.00 1.00 
75 . 1 .1 
60 . 1 . 1 

19. 00 1. 00 
60 11.00 1.00 
72 12.00 2.00 
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86 9.00 2.00 

160 10.00 1.00 
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4.00 
3.00 
5.00 

. 1 

.1 

. 1 

.1 

. 1 

.1 

. 1 

. 1 

. 1 

. l 

. 1 

. 1 

.1 

.1 
3.00 

. 1 
• 1 
. 1 
. l 
. l 
. 1 
.1 
. 1 
. 1 
. 1 
. 1 
. 1 

1. 00 
1. 00 

. 1 

. 1 

1. 50 
1. 40 
1. 50 
1. 30 

. 8 

.1 

. 1 

. 1 

. 1 

. l 
• 1 
. 3 

1. 20 
.5 

1. 00 
. 01 
. 3 
. 01 
. 01 
. 1 

1. 00 
. 1 
. 01 
. 01 
• 1 

3.10 
.2 
. 3 

6.30 
. 6 
. l 

4.90 
. 01 
. 5 
. 01 

1. 60 
.1 
. 01 
. 4 
. 01 

1. 40 
.2 
. 01 
. 01 
.01 

5.40 
3.30 
1. 80 
.1 
. 01 
. 01 

1. 40 
2.10 

25.00 

16!00 
.1 
.1 
. 1 

21.00 
12.00 
3.50 

. 1 
6.50 
.1 

5.00 
.1 

7.00 
15.00 
5.00 
3.00 
5.10 

.1 

.1 

.1 
1.00 

14.50 
7.00 

14.00 
14.00 
15.00 
1.00 
4.00 
3.00 
7.00 

21.00 
26.50 
9.30 

20.00 
9.00 
3.10 

45.00 
5.00 
6.10 

18.00 
. 1 
.1 

4.20 
4.00 
4.10 
1. 00 

. 1 

. 1 
7.10 

15.50 
4.00 

.1 
3.80 
2.30 

74.00 
54.00 
79.00 
54.00 
39.00 
32;00 
34.00 
28.00 
16.00 
34.00 
28.00 
40.00 
17.00 
63.00 
17.00 
9.00 

50.00 
26.00 
22.00 
30.00 
64.00 
63.00 
76.00 
37.00 
36.00 
56.00 
23.00 
54.00 
47.00 
40.00 
76.00 
72.00 
96.00 
83.00 
31. 00 
53.00 
79.00 
26.00 
27.00 
31. 00 
70.00 
55.00 
45.00 
33.00 
59.00 
77.00 
61. 00 
62.00 
25.00 
69.00 
22.00 
40.00 
43.00 
89.00 

45.00 
27.00 
49.00 
36.00 
36.00 
14.00 
9.00 

20.00 
6.00 

11. 00 
8.00 

29.00 
7.00 

41. 00 
7.00 
3.00 

26.00 
10.00 
10.00 
16.00 
25.00 
11.00 
34.00 
16.00 
25.00 
26.00 
6.00 

21.00 
11. 00 
14.00 
29.00 
6.00 

31. 00 
26.00 
7.00 

10.00 
21. 00 
7.00 
7.00 

11. 00 
27.00 
27.00 
19.00 
6.00 

24.00 
28.00 
18.00 
24.00 
5.00 

14.00 
5.00 

11.00 
8.00 
4.00 

10.00 
22.00 
9.00 
8.00 

17.00 
5.00 
6.00 
9.00 
3.00 

24.00 
4.00 

13.00 
6.00 

17.00 
7.00 
3.00 
8.00 

12.00 
15.00 
18.00 
17.00 
10.00 
9.00 
9.00 
9.00 
4.00 

32.00 
6.00 
5.00 
5.00 
8.00 
6.00 
6.00 
7.00 
3.00 
3.00 
5.00 
3.00 
4.00 

11. 00 
8.00 
7.00 
5.00 
8.00 
9.00 
7.00 

11. 00 
10.00 
4.00 
4.00 
2.00 

13.00 
4.00 
3.00 

2.00 
2.00 
2.00 
2.00 
3.00 
1. 00 
1. 00 
2.00 
1. 00 
2.00 
1.00 
2.00 
1. 00 
2.00 
1.00 
1. 00 
2.00 
1.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1. 00 
2.00 
1. 00 
2.00 
2.00 
2.00 
1. 00 
2.00 
5.00 
2.00 
1. 00 
1. 00 
1.00 
1. 00 
1.00 
1. 00 
1. 00 
2.00 
2.00 
1. 00 
1. 00 
2.00 
1. 00 
2.00 
2.00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 

.07 7.70 600.00 353.80 

.12 7.80 420.00 254.70 

.1 7.40 568.00 335.50 

.01 7.70 500.00 271.60 

.13 7.70 391.00 248.60 

.04 8.30 230.00 127.10 

.04 8.20 230.00 131.20 14.0 

.06 8.30 240.00 154.80 12.0 

.12 7.10 110.00 60.50 12.0 

.01 8.20 280.00 175.30 12.0 

.01 8.30 195.00 111.70 15.0 

.02 8.00 350.00 220.40 12.0 

.04 6.40 150.00 60.50 11.0 
'.02 7.70 540.00 322.90 11.0 
.28 7.60 140.00 77.90 12.0 
.33 6.50 75.00 29.70 17.0 
.07 8.10 340.00 228.60 10.0 
.1 8.60 210.00 133.20 13.0 
.02 8.60 205.00 124.00 11.0 
.1 8.40 250.00 168.10 12.0 
.06 7.70 420.00 286.00 14.0 
.02 8.20 222.00 116.90 14.0 
.31 7.50 590.00 210.10 14.0 
.15 7.60 290.00 137.40 15.0 
.01 8.00 300.00 196.80 11.0 
.02 7.60 390.00 215.30 11.0 
.01 8.10 240.00 148.10 13.0 
.26 7.70 335.00 213.70 16.0 
.29 7.30 280.00 175.80 13.0 
.17 7.40 250.00 182.50 13.0 
.06 7.50 462.00 319.40 13.0 
.12 7.90 362.00 202.20 10.0 
.24 7.70 600.00 371.00 10.0 
.17 7.90 560.00 311.40 12.0 
.19 7.50 195.00 111.10 15.0 
.07 7.70 292.00 186.10 11.0 
.25 7.70 470.00 240.40 15.0 
.06 7.50 170.00 91.00 10.0 
.1 8.20 180.00 101.00 12.0 
.78 6.90 260.00 101.90 16.0 
.03 7.80 412.00 311.40 10.0 
.01 8.20 370.00 267.90 15.0 
.05 8.00 300.00 208.40 12.0 
.17 8.10 230.00 120.20 11.0 
.05 8.00 375.00 265.60 15.0 
.06 7.60 455.00 320.60 11.0 
.18 7.70 350.00 262.20 10.0 
.02 7.90 380.00 286.20 10.0 
.18 7.20 160.00 105.30 17.0 
.06 7.90 350.00 227.30 15.0 
.01 8.50 160.00 79.60 12.0 
.11 8.10 275.DO 198.10 13.0 
.06 7.90 255.00 155.70 14.0 
.13 7.30 435.00 282.20 10.0 



w w 

Spec. 
Samp. 1/4 Rock Till Depth As Cu Ni Pb Fe S04 Ca Mg Na K Zn Cond. Alk. Temp. 
Num. Twp. Rg e. Sec. Sec. Type Type ft. ppb ppb ppb ppb ppm ppm ppm ppm ppm ppm ppm pH ohm/I mg/I ° C 

75 135.00. 2B.OO 29 BABBA HA R 30: 3.00 .1 1.00 .1 3.70 6.20 28.00 7.00 18.0D 1.00 .D3 7.5D 245.DD 94.50 13.0 
76 135.00 28.00 20 BBCCA HL R 30 3.DO .1 1.00 1.00 1.30 6°20 30.00 4.00 3.00 1.00 .06 8.20 170.00 96.20 10.0 
77 46.DD 29.DO 6 BBDDD HA R B~ 5.00 .1 .1 1.00 .4 5.00 37.00 10.00 5.00 1.00 .OB B.10 215.00 14B.BO 15.0 
78 46.DO 3D.OD 13 DDADB HA D 100· 3.00 .1 .1 .1 .2 14.60 65.00 16.00 4.00 1.00 .25 7.80 330.00 233.60 12.0 
79 42.00 29.00 3 DCADD AG R 25 2.00 1.00 .1 .1 .2 6.70 74.00 34.00 13.00 1.00 .01 7.90 520.DO 341.20 9.0 
80 43.00 30.00 24 ADBCD HV R 50 1.00 3.00 1.00 .1 .01 24.00 63.00 21.00 10.00 2.00 .05 7.80 395.00 214.10 14.0 
81 43.00 30.00 14 DCBDA HL R 60 1.00 3.00 1.00 .1 .01 19.50 61.00 15.00 4.00 1.00 .1 8.10 335.00 160.30 10.0 
82 43.DO 30.00 14 DCBBD HL R 30 1.00 9.00 3.00 .1 . 1 21.10 41.00 10.00 34.00 20.00 .23 7.30 380.00 174.00 11.0 
83 43.00 30.00 3 ADBBA HA R Bl 1.00 2.00 2.00 .1 4.30 .1 83.00 25.00 6.00 1.00 .01 7.40 510.00 322.90 11.0 
84 44. DO 30. 00 33 ADAAB I R 20 1. 00 2. 00 1. 00 · 1 · Dl 3. 8D 33. DO 9. 00 5. DO 1. DO . 01 7. 80 205. DO 95. 60 13. D 
85 44.00 JO.OD JJ CDDDC RL R 3.00 · 1 · 1 · 1 .5 4.50 50.00 14.00 4.00 1.00 .01 8.00 280.00 122.BO 16.0 
i:lb 44. 00 30. 00 lb llCBCD HA. R 130 2. 00 . 1 . 1 . 1 . 01 12. oo· 45. 00 15. 00 5. 00 1. 00 . 01 8. 20 285. 00 118. 30 13. 0 
8'/ 44.0U 30.00 8 BBBAC• I R 60 3.00 .1 .1 .1 .6 4.00 71.00 23.00 7.00 1.00 .34 7.70 395.00 218.70 12.0 
88 44. 00 31. 00 11 DDBBB RL R 18 1. 00 . 1 . 1 . 1 . 5 6. 50 56, 00 15. 00 5. 00 1. 00 . 03 B. 00 290. 00 155. 30 14. O 
89 44.00 31.00 lD CCAAB HA R 42 1.00 12.0D 1.DO .1 .Dl 5.DO 54.00 15.00 3.00 1.00 .38 7.90 300.DO 141.3D 15.0 
90 133.0D 28.00 17 BBBDC HL R 20 .1 10.0D l.DO .1 .3 6.00 28.00 5.00 3.00 1.00 .12 7.40 165.00 63.00 14.0 
93 43. 00 3D. 00 32 ABACC 11L R 90 . 1 . 1 · 1 · 1 2. 4D · 1 76. 00 28. 00 8. 00 2. 00 . 06 7. 40 510. 00 246. 70 12. 0 
94 42.00 30.00 6 BACAD 11V R 30 .1 2.00 2.DO .1 .1 36.00 85.00 34.00 17.00 1.00 .12 7.00 625.00 182.90 16.0 
95 43.0D 31.DO 25 BCBCC HA R lDO .1 1.DO .1 .1 .01 6.00 62.00 15.00 5.00 1.00 .16 7.90 345.00 166.50 16.0 
96 43.0D Jl.00 24. CCBBB I R .1 1.00 .1 .1 .01 17.00 53.00 16.00 5.00 1.00 .2 8.00 330.00 116.30 17.0 
97 43.00 31.DD 15 ADDAA RL R 110 .1 2.00 3.00 .1 .2 5.00 43.00 12.00 4.00 1.00 .22 8.20 305.00 142.40 13.0 
98 43.00 31.0D 3 DABAA 11A R 25 .1 9.0D 3.00 1.00 .01 16.00 59.00 4.00 8.00 14.00 .05 7.00 480.00 112.60 16.0 

100 44.00 31.00 J2 AAAAD I R 60 . 1 .1 2.00 1.00 .01 29.00 72.00 26.00 8.DO 1.00 .OB 7.60 500.00 167.70 16.0 
101 44.00 31.00 32 ADDBD RL R 76 5.00 .1 1.00 3.00 .1 6.00 35.00 9.00 5.00 1.00 .01 205.00 96.70 11.0 
102 44.00 31.00 16 BABAA HA R 61 .1 2.DO 2.00 3.00 1.40 3.00 4B.OO 9.00 3.00 1.00 .01 7.90 245.00 123.60 11.0 
103 133.00 2B.OO 18 BBCDC KL R 66 3.0D .1 1.00 3.00 2.00 .1 49.00 10.00 3.00 1.00 .01 7.40 260.00 129.00 13.0 
104 133. 00 29. 00 12 BCACC HV R 55 2. 00 . 1 .1 .1 2. 10 3. 00 42. 00 6. 00 118. 00 1. 00 . 01 7. 80 610. 00 119. 90 13. O 
105 133.00 29.00 2 ADCCC KL R . 1 10.00 1.00 .1 .1 14.50 37.00 7.00 17.00 2.00 .03 7.90 240.00 B8.60 14.0 
107 l34. 00 29. 00 24 CDCCC KL R 80 .1 3. 00 1. 00 . 1 . 01 13. 50 52. 00 12. 00 5. 00 1. 00 . 01 7. 90 290. 00 124. 60 13. O 
108 l34.00 29.00 9 DBAAD AG R 20 .1 1.00 .1 .1 1.60 5.40 12.00 4.00 3.00 2.00 .25 6.50 200.00 27.40 20.0 
l09 l34.DO 29.00 9 DABBB AG R 2B 3.00 6.0D 1.00 .1 .01 18.60 15.00 5.00 38.00 1.00 .1 6.40 220.00 33.40 13.0 
110 l34.00 29.00 3 AAABD HL R 48 9.00 .1 .1 .1 6.80 21.00 54.00 8.00 12.00 1.00 .29 6.40 300.00 196.00 13.0 
ll2 l35.00 29.00 l2 BCDCC AG R 57 4.00 9.00 .1 .1 .01 16.00 70.00 21.00 19.DO 1.00 .06 7.60 500.00 119.00 12.0 
114 136. 00 29. 00 8 ADDDD AG R 65 7. 00 . 1 . 1 . 1 3. 20 1. 90 44. 00 11. 00 5. DO 1. 00 . 04 7. 80 24D. 00 190. 10 10. 0 
115 135.00 29.00 6 CCCDB AG R 80 5.00 5.00 1.00 .1 .01 3.10 68.00 24.00 4.00 1.00 .2 7.70 360.00 303.30 18.0 
116 135.00 29.DO 32 ADBBC AG R 160 14.00 .1 .1 .1 .3 .1 56.00 18.00 14.00 2.00 .01 7.90 330.00 286.00 13.0 
llB 134. 00 2B. DO JD CCADB HA R 6. 00 . 1 . 1 . 1 . 3 . 1 49. 00 22. 00 19. 00 2. 00 . 01 7. 80 320. 00 2B5. 40 11. 0 
119 133.00 29.0D 28 DCACA HL T 6.00 5.00 .1 .1 .01 3.20 49.00 15.00 2.00 1.00 .OJ 7.80 260.00 214.00 10.0 
120 133.00 29.00 33 BDDDD 11L T 47 12.00 .1 .1 .1 2.20 . 1 48.00 13.00 3.00 1.00 .13 7.50 265.00 224.90 12.0 
121 133.00 29.00 29 DDACD 11V T 50 8.00 .1 .1 .1 .3 6.00 58.00 17.00 3.00 1.00 .12 7.80 320.00 244.90 15.0 
122 133.00 29.00 21 CADDO 11L R 30 7.DO .1 .1 .1 .8 5.60 60.00 17.00 2.00 1.00 .02 7.70 315.00 249.80 11.0 
123 133. 00 29. 00 19 DDDCA AG T 74 7. 00 . 1 .1 . 1 . 3 2. 20 58. 00 20. 00 4. 00 1. 00 .11 7. 80 315. 00 261.10 13. O 
124 133. 00 29. 00 19 ADACB l1V R 6. 00 . 1 . 1 . 1 . 01 19. 00 63. 00 22. 00 2. 00 1. 00 . 24 7. 40 355. 00 266. 70 16. O 
125 133.00 29.00 18 CBCBC HL R 35 5.00 9.00 .1 1.00 .01 15.00 78.00 26.00 43.00 1.00 .02 7.60 620.00 233.40 13.0 
126 133.00 30.DO 29 ABBAC AG D 4.00 .1 3.0D 1.00 2.10 4.80 63.00 15.00 3.00 1.00 .01 7.50 315.00 255.30 11.0 
127 133.00 30.00 32 DADAB l1V R 82 4.00 9.DO 4.00 1.DO .01 4.40 40.00 12.00 2.00 1.DO .05 7.60 225.00 170.90 13.0 
128 136. 00 30. 00 12 CCCDD AG R lOD 8. 00 1. 00 . 1 . 1 . 4 . 1 40. 00 13. 00 9. 00 1. 00 . Dl 8. 00 230. 00 208. 50 13. 0 
129 136. 00 30. 00 30 ADBCD AG R 60 5. 00 . 1 . 1 . 1 . 5 . 1 49. 00 lB. DO 7. 00 1. 00 . 02 7. 90 285. 00 249. 40 16. 0 
131 136. 00 32. 00 24 CCAAD AG W 140 9. 00 . 1 . 1 . 1 . 8 .1 65. OD 26. 00 9. 00 2. 00 . 01 8. 00 350. 00 331. 20 13. 0 
132 136. 00 32. OD 21. AABBA AG W 220 6. 00 . 1 . 1 . 1 . 6 . l 43. 00 31. 00 46. 00 2. 00 . 01 8. 00 390. 00 364. 90 11. 0 
134 135. 00 31. 00 5 l>DDCA AG W 47 . 1 . 1 1. 00 . 1 6. 40 4. 00 32. 00 13. 00 6. 00 2. 00 . 02 7. BO 225. 00 165. 70 14. 0 
137 132.00 31.00 12 DuAAB HV R 69 .1 35.00 .1 .1 .9 7.00 55.00 f8.00 3.00 1.00 .01 7.70 280.00 252.30 12.0 
138 132. 00 31. OD 6 DBADA AG R 2B 2. 00 10. 00 . 1 1. 00 . 01 5. 00 42. 00 10. 00 2. 00 1. 00 . 05 8.10 228. DO 174. 2D 16. 0 
139 133.00 JJ.00 20 DCCDB AG D 30 7.00 3.00 .1 . 1 4.30 2.00 64.00 lB.00 8.00 1.00 .01 7.40 325.00 272.90 13.0 
140 135. 00 30. 00 33 AADAf> HV R 23 1. 00 . 1 . 1 , 1 1. 30 4. 00 69. 00 22. 00 5. 00 2. 00 . 06 7. 30 350. 00 296. BO 14. 0 



u:> 
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So mp. 1/4 Rock TI 11 Depth As 
Num. Twp. Rge. Sec. Sec. Type Type H. ppb 

Cu 
ppb 

141 
142 
143 
144 
145 
147 
148 
149 
150 
1:i1 
153 
154 
155 
156 
157 
158 
159 
lt:iO 
161 
16:.J 
164 
165 
166 
167 
16B 
169 
171 
172 
173 
174 
175 
176 
178 
179 
180 
181 
182 
183 
184 
18~ 

186 
187 
189 
190 
192 
193 
195 
197 
200 
202 
203 
204 
205 
206 
207 

134.00 31.00 26 BCBDB AG 
135.00 31.00 34 CBBBC AG 
135.00 31.00 31 BCBDB AG 
134.00 32.00 2. ABABC AG 
134.00 32.00 20. DDCBD AG 
134.00 31.00 32. ADBDB HV 
133.00 31.00 2. CDDDC AG 
45.00 31.00 36 BBCBD HA 
45.00 31.00 36 BBCBA HA 
45.00 31.00 35 ADAAD HA 
47.00 18.00 3. ABAAA RL 
47.00 18.00 2 CCCCB K 
47.00 lB.00 2. CCCCC K 
47.00 
46.00 
47.00 
48.00 
48.00 
47.00 
47.00 

17.00 5. AAABC RL 
lB.00 1. HABAB S 
17.00 17. CDDCB S 
18.00 33. BDOAA RL 
19.00 36. DDAAA RL 
19.00 3 AABAB RL 
18.00 31 DDDDB RL 

47.00 19.00 31 DCCDB RL 
47.00 20.00 36 DDDBD K 
47.00 20.00 35 CDDDC K 
47.00 20.00 26 ABCCC RL 
47.00 19.00 18 ACCBC RL 
47.00 19.00 5 AABBB RL 
4B.OO 20.00 27 BABAB RL 
48.00 20.00 32 DDCAC RL 
48.00 20.00 32 DDCAC RL 
47.00 21.00 14 'ADCBC RL 
4B.00 21.00 29 •DCBBC RL 
47.00 21.00 33 'BBBBB HL 
46.00 20.00 B 1DCACB K 
46.00 21.00 23 1DDBBB RL 
46.00 21.00 9 IDAABB RL 
47.00 18.00 19 IACACC RL 
46.00 17.00 17 lDDDAD S 
46.00 18.00 10 IABABD S 
45.00 18.00 3 IAADDD S 
45.00 17.00 4 IBCBAB S 
45.00 18.00 22 IABBBD S 
45.00 17.00 32 1CCCDA S 
44.00 18.00 26 1BAABB K 
44.00 18.00 17 1AADDA S 
45.00 21.00 5 1CCCAB AG 
45.00 21.00 15 AADDC K 
45.00 21.00 12 COAAA HL 
46.00 20.00 33 BDDDC RL 
46.00 20.00 10 DCBAB RL 
45.00 20.00 21 DABCB RL 
45.00 20.00 30 AADBC K 
45.00 21.00 25 DBACC HL 
45.00 21.00 32 DBDDD AG 
44.00 21.00 19 ADDCA AG 
44.00 21.00 33 BBBBB S 

w 
w 
w 
w 
R 
w 
w 
R 
R 
R 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

B5 
200 

BO 

BO 
73 

145 
123 
157 
150 

25 
65 

126 
485 
119 
360 
150 

39 
153 
120 

2B 
163 

20 
25 
50 
40 

180 
35 
70 
40 

225 
18 

145 
500 
267 
316 
415 
33B 
125 
100 

90 
60 
62 
50 

310 
67 
70 
25 
17~ 
25 
68 

100 
210 
166 

2.00 
1. 00 
2.00 
3.00 
2.00 
1. 00 
2.00 
1. 00 
2.00 
1. 00 
5.00 

. 11. 00 
11. 00 
5.00 

12.00 
9.00 
8.00 
8.00 

12.00 
9.00 
4.00 
3.00 
4.00 
4.00 

10.00 
19.00 
6.00 
7.00 
7.00 

12.00 
11.00 
10.00 
14. 00 
14.00 
7.00 
6.00 

13.00 
5.00 
5.00 
3.00 
2.00 
1. 00 
2.00 

. 1 
2.00 
2.00 
3.00 
4.00 
4.00 
4.00 

. 1 
19.00 
3.00 

. 1 

. 1 

. 1 

. 1 
1. 00 
1. 00 
.1 
. 1 
. 1 
. 1 
. 1 
.1 
. 1 
. 1 

9.00 
. 1 
.1 
• 1 
. 1 
. 1 
. 1 
. 1 
.1 
. 1 
. 1 
. 1 

10. 00 
. 1 
. 1 

2.00 
• 1 

2.00 
.1 
. 1 
. 1 
. 1 
. 1 
. 1 
. 1 
.1 
.1 
.1 
. 1 
. 1 
. 1 
. 1 

2. 00 
4.00 4.00 
3. 00 11. 00 
4.00 5.00 
4.00 5.00 
4. 00 . 1 

Ni Pb 
ppb ppb 

. 1 

. 1 

.1 

. 1 

. 1 

. 1 

. 1 

.1 

.1 

.1 
1. 00 
1. 00 
8.00 
1. 00 
6.00 
1. 00 
1. 00 

.1 
13.00 
2.00 
4.00 
3.00 
3.00 

. 1 
6.00 

. 1 
1. 00 
4.00 

. 1 
1. 00 
2.00 
6.00 
1. 00 
3.00 
1.00 
1. 00 
1. 00 
3.00 
.1 
. 1 

1. 00 
. 1 

1. 00 
.1 
.1 
. 1 
. 1 

1. 00 
1. 00 

. 1 

. 1 
2.00 

. 1 

. 1 

. 1 

.1 

.1 
• 1 
. 1 
. 1 
. 1 
. 1 
. 1 
. 1 
.1 
. 1 
. 1 
. 1 
. 1 
.1 
. 1 
. 1 
. 1 
. 1 
. 1 
. 1 
. 1 
.1 
. 1 
. 1 

1. 00 
. 1 
.1 
. 1 
. 1 
• 1 
. 1 
. 1 
. 1 
.1 
. 1 
. 1 
. 1 
. 1 
. 1 
. 1 
. 1 
. 1 
. 1 
. 1 
. 1 
. 1 
. 1 
. 1 
. 1 
.1 
. 1 
. 1 
. 1 
. 1 

Fe S04 
ppm ppm 

.3 

. 01 

. 01 

. 2 
2.10 
1. 20 

. 3 
• 6 

2.10 
1. 60 

. 1 

. 3 

. 1 

. l 

.01 

. 1 

.1 

.1 

. 3 

. 2 

.7 

.01 

. 7 

. 1 

.9 

.3 

. 1 
1. 30 
.2 
• 2 

6.80 
.2 
. 01 
.7 
.3 
. 01 
. 1 
. 01 
. 1 

1. 40 
2.50 

. 1 
13.00 
2.20 

• 1 
. 2 
.2 
.B 
. 1 
.6 
. 1 
. 1 
. 1 
. 1 

1. 10 

3.00 
4.00 
4.00 
.1 

4.50 
.1 

5.00 
37.00 
4.50 
4.00 
3.00 
5.50 
.1 

14.00 
144.00 

6.00 
.1 

5.00 
2.50 
1. 00 
3.00 

15.00 
5.00 

14.00 
43.00 
26.00 
4.00 
3.00 

47.00 
3.00 
.1 
. 1 

16.50 
. 1 

31.00 
20.00 
23.00 
28.50 
7.00 
2.00 
3.00 

11. 50 
2.50 

34.00 
27.00 
9.50 

13.00 
14.00 
2.00 
2.00 
3.00 

19.00 
71.00 
34.00 
16.00 

Ca 
ppm 

34.00 
78.00 
68.00 
54.00 
57.00 
62.00 
46.00 
74.00 
65.00 
46.00 
25.00 
29.00 
28.00 
23.00 
22.00 
22.00 
24.00 
38.00 
37.00 
39.00 
45.00 
36.00 
48.00 
26.00 
53.00 
44.00 
49.00 
40.00 
54.00 
24.00 
58.00 
44.00 
39.00 
68.00 
54.00 
21. 00 
15.00 
14.00 
17.00 
25.00 
40.00 
22.00 
42.00 
12.00 
42.00 
41. 00 
5B.OO 
53.00 
53.00 
40.00 
42.00 
51.00 
60.00 
51. 00 
36.00 

Mg 
ppm 

11.00 
32.00 
19.00 
17.00 
20.00 
23.00 
16.00 
24.00 
18.00 
11. 00 
10.00 
11.00 
10.00 
7.00 
6.00 
6.00 

14.00 
20.00 
19.00 
20.00 
29.00 
17.00 
18.00 
13.00 
34.00 
38.00 
24.00 
21. 00 
53.00 
17.00 
30.00 
25.00 
17.00 
35.00 
61.00 
13.00 
3.00 
7.00 
B.00 
7.00 

13.00 
10.00 
10.00 
4.00 

19.00 
33.00 
33.00 
24.00 
23.00 
19.00 
20.00 
23.00 
32.00 
29.00 
17.00 

Na 
ppm 

4.00 
6.00 
4.00 

12.00 
2.00 
7.00 
7.00 

11. 00 
7.00 

10.00 
10.00 
10.00 
11. 00 
4.00 

48.00 
3.00 
8.00 
6.00 
7.00 

13.00 
7.00 
4.00 
7.00 
6.00 
6.00 
7.00 

11.00 
17.00 
25.00 
10.00 
7.00 

11. 00 
6.00 

12.00 
8.00 

19.00 
36.00 
33.00 
29.00 

4.00 
4.00 
6.00 
4.00 
3.00 
5.00 

17.00 
10.00 
5.00 
5.00 
6.00 
7.00 
3.00 

11. 00 
7.00 
4.00 

K 
ppm 

1. 00 
2.00 
2.00 
2.00 
1. 00 
1. 00 
1. OD 
2.00 
2.00 
2.00 
2.00 
1. 00 
1. 00 
1. 00 
3.00 
1. 00 
1. 00 
2.00 
1.00 
2.00 
2.00 
2.00 
1. 00 
1.00 
1.00 
1. 00 
1. 00 
3.00 
2.00 
1. 00 
2.00 
2.00 
2.00 
2.00 
3.00 
7.00 
2.00 
2.00 
2.00 
1. 00 
2.00 
1. 00 
1. 00 
1. 00 
3.00 
2.00 
3.00 
2.00 
2.00 
2.00 
2.00 
4.00 
3.00 
2.00 
3.00 

Zn 
ppm 

.. 35 
. 01 
. 01 
.07 
. 12 
. 01 
. 01 
. 01 
. 01 
. 01 
. 01 
. 04 
• 13 
.OB 
.03 
.02 
.02 
. 16 
.04 
.04 
.02 
.01 
• 32 
. 1 
.02 
.06 
. OB 
. 51 
.09 
. 01 
. 06 
. 04 
. 05 
. 04 
.02 
. 08 
.02 
. 04 
. 02 
. 05 
. 03 
. 03 
. 45 
.OB 
. 04 
.66 
.06 
. 02 
• OB 
.09 
. 13 
.41 
. 22 
. 17 
. 22 

Spec. 
Cond. Al k. Temp. 

pH ohm/I mg/I ° C 

7.40 215.00 158.40 17.0 
7.50 425.00 3Bl.2D 11.0 
7.40 350.00 284.80 11.0 
7.70 305.00 280.30 11.0 
7.50 315.00 261.30 14.0 
7.70 345.00 307.00 17.0 
7.80 265.00 210.80 14.0 
7.50 410.00 305.10 9.0 
7.50 315.00 273.00 10.0 
7.50 265.00 196.70 6.0 
8.20 195.00 162.10 13.0 
8.10 230.00 202.90 12.0 
B.30 210.00 189.BO 14.0 
8.40 160.00 111.40 14.0 
8.50 325.00 112.40 10.0 
8.40 155.00 97.10 16.0 
8.00 215.00 182.50 13.0 
8.10 290.00 245.60 12.0 
8.00 285.00 238.60 14.0 
8.30 320.00 295.50 11.0 
8.10 360.00 340.BO 11.0 
8.10 260.00 210.50 11.0 
7.50 350.00 292.00 15.0 
6.90 320.00 143.40 17.0 
7.80 520.00 348.90 15.0 
7.BO 490.00 365.00 16.0 
7.70 405.00 311.60 17.0 
7.90 365.00 322.70 15.0 
7.80 710.00 492.00 14.0 
8.20 245.00 211.70 14.0 
7.30 510.00 40B.80 13.0 
7.80 360.00 343.BO 12.0 
7.80 310.00 253.60 15.0 
7.80 560.00 500.80 11.0 
8.00 740.00 423.00 12.0 
7.90 255.00 214.00 12.0 
B.60 225.00 157.00 13.0 
7.70 240.00 159.00 9.0 
B.30 240.00 207.00 10.0 
7.60 155.00 152.00 11.0 
7.60 275.00 260.90 12.0 
7.30 185.00 124.60 12.0 
7.30 290.00 253.90 13.0 
7.40 95.00 77.00 10.0 
7.90 305.00 220.00 13.0 
7.80 390.00 419.80 12.0 
7.70 500.00 438.50 13.0 
7.90 360.00 362.50 B.O 
7.30 395.00 258.00 17.0 
7.80 315.00 223.10 11.0 
7.80 340.00 230.60 14.0 
7.30 375.00223.10 15.0 
7.70 530.00 230.00 14.0 
7.70 490.00 233.BO 11.0 
7.60 275.00 172.80 16.0 



c.u 
01 

Sa mp. 
Num. 

208 
209 
210 
211 
212 
213 
215 
216 
217 
218 
220 
221 
223 
224 
225 
226 
228 
230 
231 
232 
237 
239 
~'41 

243 
245 
247 
249 
251 
253 
255 
257 
259 
261 
263 
265 
267 
269 
271 
272 
274 
276 
278 
280 
281 
282 
284 
286 
288 
290 
292 
294 
296 
297 
298 
302 

Twp. 
I /4 Rock Tl 11 Depth As 

R g e. Sec. Sec. Type Type ft. p pb 
Cu 
ppb 

NI 
ppb 

44.00 20.00 29 CCCCB 5 
44.00 21.00 14. BADDC 5 
44.00 20.00 5 £CCBD S 
44.00 20.00 5 BCCAB S 
44.00 20.00 16 BDABD S 
44.00 19.00 30 CBCCA S 
44.00 19.00 10 CCCCA S 
44.00 20.00 12 DCCAA S 
45.00 19.00 32 CABDB S 
45.00 20.00 11 BCBDB RL 
45.00 19.00 17 BBBBD S 
45.00 19.00 22 DBAAB S 
45.00 18.00 30 BBAAC S 
46.00 19.00 35 DDDCB S 
46.00 19.00 13 DCABD S 
48.00 16.00 9 ADCDB RL 
48.00 16.00 10 AACBD RL 
48.00 16.00 16 BBBCA RL 
45.00 .19.00 10 BCCCA S 
46.00 19.00 32 CABCD RL 
46.00 24.00 18 ABD HL 
46.00 26.00 3 OBA ML 
46.00 24.00 8 CDC AG 
46.00 23.00 19 BBB AG 
45.00 25.00 4 OCD G 
46.00 25.00 35 ACA G 
46.00 25.00 13 CCC HL 
46.00 26.00 34 BCB ML 
45.00 27.00 29 CCA HL 
45.00 26.00 23 BDD G 
46.00 28.00 9 DCC I 
46.00 29.00 21 CAAAD HA 
45.00 29.00 7 CBBCA K 
45.00 30.00 28 BBBCA I 
44.00 29.00 8 CDCAC HA 
43.00 30.00 34 DAADB AG 

134.00 30.00 32 DCDAA AG 
136.00 32.00 35 DCDCC AG 
136.00 31.00 28 ABCDB AG 
136.00 28.00 18 BBABC AG 
135.00 28.00 30 CBADB HA 
133.00 28.00 17 CAAAC HA 
134.00 29.00 35 AAAAA HA 
134.00 29.00 36 BBBBB HA 
134.00 28.00 9 ADDDB HA 
134.00 28.00 2 DBAAC I 
135.00 28.00 31 BBBAD HA 
135.00 29.00 36 BAABD HA 
134.00 31.00 19 CCCDC AG 
135.00 30.00 9 BBBCA AG 
134.00 30.00 23 AABDD AG 
48.00 20.00 36 CCDDB RL 
47.00 19.00 21 DDADA K 
4b.OO 19.00 17 AAAAA RL 
46.00 21.00 19 DDCAA HL 

5 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
5 
s 
s 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
R 
s 
R 
R 
w 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
w 
R 
R 
s 
5 
s 
s 

85 
100 
126 

96. 
100. 

50. 
105. 

90. 
28. 

150. 
30 

146 
82 

121 
132 
100 

32 
92 

120 
84 
20 
60 
28 
38 

BO 
33 
60 
30 

168 
104 
38 
35 
25 
20 
37 
30 

4.00 
3.00 

. 1 
6.00 
8.00 
2.00 
1. 00 
2.00 
4.00 
2.00 
2.00 

. 1 
1. 00 
1. 00 
1. 00 
1. 00 

. 1 
1. 00 
4.00 
1. 00 

. l 

. 1 

. 1 
1. 00 
6.00 
2.00 

. 1 
1. 00 
2.00 

12.00 
. 1 

1. 00 
. 1 
. l 

1. 00 
13.00 
8.00 
3.00 

. 1 
1. 00 

1. 00 8. 00 
8. 00 1. 00 
2.00 16.00 
3.00 2.00 
1. 00 36. 00 
3.00 7.00 

• }. . 1 
3. 00 1. 00 

. 1 26. 00 

. 1 1. 00 

4.00 
4.00 
5.00 
6.00 
7.00 
7.00 
6.00 
5.00 
4.00 
5.00 
3.00 
5.00 

. 1 

. 1 

. 1 

. 1 

.1 

. 1 

. 1 

. 1 
6.00 

. 1 

. 1 
2.00 
1. 00 
1. 00 

. 1 

. 1 

. 1 

.1 
.1 14.00 .1 

4.00 2.00 2.00 
.1 48.00 4.00 
.1 90.00 2.00 

2.00 32.00 3.00 
4.00 10.00 .1 
3.00 22.00 .1 
2.00 19.00 5.00 

65 10.00 1.00 14.00 
92 .1 16.00 12.00 

.1 1.00 2.00 
64 4.00 1.00 .1 

. 1 . 1 . 1 
20 .1 111.00 .1 
56 42.00 2.00 1.00 
66 12.00 1.00 .1 

1.00 2.00 2.00 
30 1.00 8.00 
35. 24.00 1.00 
26 3. 00 4. 00 
90 
25 
22 

417 
172 

8.00 4.00 
2.00 28.00 
2.00 59.00 
2.00 18.00 

. 1 . 1 

4.00 
2.00 
2.00 

. 1 
2.00 
4.00 
3.00 
4.00 

Pb 
ppb 

. 1 

. 1 
1. 00 

. 1 

. 1 

.1 
• 1 
. 1 
. 1 
. 1 
. 1 
. 1 
.1 
• 1 
. 1 
. 1 

1. 00 
1. 00 
2.00 
2.00 

. 1 

. 1 
1. 00 

. 1 

. 1 

. 1 

.1 
• 1 
• 1 
. 1 
• 1 
. 1 
. 1 
. 1 
.1 
. 1 
. 1 
.1 
. 1 
. 1 
. 1 
. 1 

3.00 
1. 00 
2.00 
1. 00 
3.00 
2.00 
1. 00 
1. 00 
1. 00 

. 1 

. 1 
3.00 
.1 

Fe 
ppm 

7.70 
. 1 
.2 
. 9 
. 01 

1. 20 
13.50 

1. 30 
• 1 
. 01 

34.00 
. 2 
.3 
. 1 
. 5 
. 1 
• 1 
. 2 
. 1 
. 1 
. 1 

8.00 
. 1 
. 2 
.8 

1. 20 
. 5 
. 1 
. 1 
.6 
. 01 

17.00 
.2 
. 1 
• 2 
. 1 
. 1 
. 1 

2.00 
. 2 

1. 90 
11.80 
6.80 

. l 
6.60 
2.60 
6.60 
1. 20 
5.00 

. 1 
1. 60 

.01 

. 1 

.01 
5.80 

504 
ppm 

3.00 
14.00 
2.00 
2.00 

20.00 
2.00 
3.00 
3.00 

12.00 
17.00 
50.00 
10.00 
2.00 

38.00 
14.00 
33.00 
18.00 
34.00 
22.00 

. 1 
6.50 
1. 00 

30.00 
3.00 
5.00 

• 1 
6.50 
3.00 
6.80 

. 1 

.1 
35.00 

9.20 
4.00 
4.10 

42.00 
7.00 

67.00 
.1 

5.20 

4.00 

2.00 
.1 
.1 

3.00 

3.00 
12.00 

. 1 
31. 00 

1. 50 
72.00 

9.50 

Ca 
ppm 

51. 00 
39.00 
42.00 
'.':16.00 
57.00 
62.00 
52.00 
23.00 
17.00 
27.00 
40.00 
23.00 
45.00 
26:00 
39.00 
80.00 
59.00 
57.00 
46.00 
18.00 
95.00 
39.00 
98.00 
42.00 
11.00 
38.00 
64.00 
34.00 
28.00 
28.00 
50.00 
23.00 
12.00 
22.00 
28.00 
71. 00 
47.00 

129.00 
44.00 
49.00 
43.00 
61.00 
45.00 

4.00 
73.00 
49.00 
43.00 
24.00 
61.00 
48.00 
60.00 
58.00 
20.00 
60.00 
59.00 

Mg 
ppm 

17.00 
19.00 
19.00 
25.00 
18.00 
33.00 
26.00 
3.00 
5.00 
9.00 
8.00 
7.00 

22.00 
24.00 
30.00 
45.00 
16.00 
23.00 
19.00 
3.00 

56.00 
17.00 
64.00 
14. 00 

4.00 
11. 00 
51. 00 
16.00 
6.00 

11.00 
14. 00 
5.00 
3.00 

10.00 
11.00 
33.00 
12.00 
49.00 
15.00 
19.00 
16.00 
18.00 
12.00 
2.00 

32.00 
18.00 
14.00 
11.00 
24.00 
21. 00 
21.00 
20.00 
5.00 

70.00 
30.00 

Na 
ppm 

4.00 
6.00 
6.00 
6.00 
4.00 
8.00 
6.00 
2.00 
2.00 
6.00 

12.00 
13.00 
13.00 
39.00 
21.00 
9.00 
8.00 
5.00 
4.00 
2.00 

25.00 
12.00 
51. 00 
4.00 
3.00 
4.00 

13.00 
10.00 
3.00 

53.00 
7.00 
5.00 

18.00 
34.00 
44.00 
64.00 

4.00 
59.00 
47.00 
4.00 
7.00 
7.00 
5.00 
4.00 

10.00 
9.00 

69.00 
9.00 
8.00 
6.00 
7.00 

28.00 
3.00 

28.00 
8.00 

K 
ppm 

2.00 
2.00 
2.00 
2.00 
1. 00 
2.00 
1. 00 
1. 00 
1. 00 
1. 00 
3.00 
1. 00 
1. 00 
2.00 
2.00 
2.00 
1. 00 
1. 00 
1. 00 
1. 00 
5.00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
2.00 
1. 00 
1. 00 
1. 00 
2.00 
1. 00 
2.00 
1. 00 
2.00 
1. 00 
1.00 

44.00 
2.00 
1. 00 
2.00 
1. 00 

. 1 
1. 00 
2.00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
2.00 
1. 00 
1. 00 
4.00 
1. 00 

Zn 
ppm 

,.03 
.03 
. 04 
. 03 
.18 
. 02 
.02 
.02 
. 03 
. 16 
.02 
.08 
.14 
. 03 
.02 
.06 
.03 
. 4 
. 03 
.04 
. 44 
.12 
. 16 
. 19 
. 24 
. 03 

1. 47 
.02 
. 04 
. 03 
. 52 
. 08 
.2 
.18 

1. 03 
. 04 
• 01 
.06 
.12 
. 04 
. 08 
. 55 
. 3 
. 35 
. 1 
. 34 
. 02 
. 36 
. 03 
.02 
.13 
. 33 
. 01 

3.64 
.23 

Spec. 
COnd. Al k. 

pH ohm/I mg/I 
Temp. 
oc 

7.30 330.00 225.60 12.0 
7.80 280.00 195.30 10.0 
8.00 290.00 200.60 14.0 
7.80 375.00 269.60 15.0 
7.70 335.00 198.50 11.0 
7.40 435.00 320.50 10.0 
7.40 375.00 252.00 12.0 
7.10 125.00 83.90 14.0 
8.00 115.00 ~9.30 13.0 
7.30 180.00 89.60 10.0 
7.70 370.00 109.70 12.0 
8.40 130.00 82.70 9.0 
7.80 325.00 216.80 11.0 
8.40 320.00 194.80 8.0 
8.20 380.00 252.00 11.0 
7.40 610.00 381.40 8.0 
7.60 340.00 217.90 8.0 
7.80 365.00 214.70 8.0 
8.30 290.00 191.60 10.0 
8.30 98.00 60.40 11.0 
7.50 805.00 373.00 14.0 
7.50 295.00 203.80 13.0 
7.501075.00 593.40 10.0 
7.50 270.00 169.60 9.0 
7.00 96.00 52.40 16.0 
8.00 250.00 160.50 13.0 
7.60 620.00 432.80 11.0 
8.50 210.00 149.30 10.0 
7.20 165.00 100.00 12.0 
7.90 375.00 254.20 11.0 
8.40 330.00 233.40 14.0 
7.40 185.00 93.60 10.0 
6.60 100.00 47.60 16.0 
7.00 155.00 58.90 16.0 
7.10 180.00 94.70 14.0 
7.70 490.00 237.60 10.0 
8.20 250.00 303.50 12.0 
7.001200.00 415.40 12.0 
7.60 250.00 222.20 12.0 
8.00 300.00 239.00 14.0 
7.70 250.00 
7.60 330.00 185.60 14.0 
7.50 250.00 
6.40 340.00 7.90 18.0 
7.40 500.00 345.80 11.0 

,8.60 305.oo 215.30 i2.o 
7.401225.00 175.00 15.0 
7.40 185.00 14.0 
7.50 410.00 338.70 10.0 
7.60 310.00 250.70 8.0 
7.40 365.00 311.90 10.0 
6.90 350.00 277.70 12.0 
7.90 115.00 89.30 11.0 
7.20 795.00 550.50 8.0 
7.10 345.00 337.80 10.0 



c.u 
0) 

Spec. 
So mp. 1 /4 Rock Ttll Depth As Cu Ni Pb Fe S04 Ca Mg Na K Zn Cond. Alk. 
Num. Twp. Rge.· Sec. Sec. Type Type ft. ppb ppb ppb ppb ppm ppm ppm ppm ppm ppm ppm pH ohm/I mg/I 

303 45.00 21. 00 15 AADDC K S· 320 . 1 . 1 2.00 . 1 .1 9.50 49.00 40.00 22.00 2.00 • 33 7.30 395.00 419.80 
304 44.00 19.00 35 CAAAC s s 110 . 1 20.00 3.00 . 1 . 01 18.00 16.00 8.00 6.00 1. 00 .01 6.90 130.00 53.00 
308 44.00 17.00 30 CDDCA K s. 28 . 1 6.00 7.00 .1 • 1 62.00 62.00 39.00 23.00 1. 00 .29 7.10 600.00 230.00 
30'1 46.00 20.00 10 DCBAB RL s 16 2.00 4.00 3.00 . 1 . 2 28.00 40.00 16.00 13.00 26.00 .01 7.30 350.00 197.40 
310 46.00 20.00 33 BDDDD RL s 18 4.00 30.00 2.00 . 1 . 01 64.00 106.00 40.00 28.00 1. 00 . 08 6.90 695.00 491.30 
311 46.00 20.00 24 DBBBC RL s 310 4.00 29.00 6.00 . 1 . 01 31.00 55.00 33.00 6.00 1. 00 1.18 7.40 430.00 343.10 
315 47.00 20.00 30 CDDDB RL s 26 3.00 14.00 20.00 . 1 . 01 120.00 119. 00 44.00 47.00 3.00 . 24 7.20 820.00 470.10 

Note: Below detection limit values are recorded as .1 for As, Cu, Ni, Pb, so
4 

and Kand as .01 for Fe and Zn. 

APPENDIX KEY 

!.I Sec. 

•rill Type 

A = NE\ 
B = NW\ 
C = SW\ 
D = SE~ 

File S~rrnbol 

AG 
ML 

G 

RL 
I 

MA 
IlliV 

s 
K 

File Symbol 
s 
D 
R 

w 
T 

Formation •. 
Archean Gneisses & Granites 
Mille Lacs Group/Denham Format.i.~m 
Glen Township Formation 
Rabbit Lake/Thomson :Formations 
Iron Formations 
Mahnomen Formation 
Mid-Proterozoic Maf ic Volcanic Rocks 
Keweenawan Sandstones 
Keweenawan Volcanics 

Lobe 
Superior Lobe 
Des Moines Lobe 
Rainy Lobe 
Wadena Lobe 
Terrace Deposits 

Map Symbols (Plates 1-12) 
gs, gr, gu, hin, mcgn 
mlu, dfg 
gtc, gtm 
ru, tgs 
eif, rif, tf 
ma 
mif, mlb, rfm 
fs, hs 
mu, ap, cm, r 

Map Symbols (Plates 1-12) 
smg, sme, scg, scs, sla, slc, sne, so 
dee, deg, do 
rse, rsg, ro 
wag 
td 

Te mp. oc 

10.0 
9.0 
8.0 

10. 0 
9.0 
8.0 
8.0 
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